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THK  DISTRIBUTION  OF  SULPHUR  IN  WHEAT 


C.  0.  Gerbrandt 


INTRODUCTION 


A  marked  improvement  in  the  baking  strength  of  flour 
from  wheat  grown  in  the  grey  wooded  soils  area  has  been  ob¬ 
served  following  the  application  of  a  sulphur  fertilizer.  At 
Breton,  where  the  soil  is  deficient  in  sulphur,  differences  in 
baking  strength  were  caused  by  differences  in  protein  quality. 
Sulphur  content  of  Breton-grown  wheat  has  been  shown  to  be  a 
better  measure  of  quality  than  is  crude  protein. 

This  observed  improvement  in  baking  strength  follow¬ 
ing  the  application  of  sulphur  fertilizer  at  Breton  was  inves¬ 
tigated  by  Rigby  (17).  He  found  a  significant  relationship 
between  loaf  volume  and  the  sulphur  in  wheat,  flour,  and  gluten. 
The  crude  protein  was  not  an  adequate  indicator  of  baking 
strength  and,  in  two  of  the  three  years,  there  was  no  relation¬ 
ship  between  the  crude  protein  and  the  sulphur  in  wheat. 

To  study  these  relationships  more  closely  the  follow¬ 
ing  investigations  were  planned: 

A  study  of  the  uptake  of  sulphur  by  the  wheat  plant 
when  increasing  amounts  were  made  available; 
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A  further  study  of  varietal  differences  in  sulphur 

content  of  wheat; 

A  study  of  the  cystine  and  methionine  content  of 
gluten,  the  relation  of  these  acids  to  baking  quality,  end  to 
the  total  sulphur  and  nitrogen  content  of  wheat. 

LITERATURE  REVIEW 


Increases  in  baking  strength  of  flour  from  wheats 
following  the  application  of  a  sulphur-bearing  fertilizer  as 
compared  with  those  receiving  no  sulphur  were  demonstrated  by 
Wyatt,  Newton,  and  Ignatieff  (28). 

Peters  (16),  working  with  the  same  material, 
demonstrated  that  the  application  of  sulphur- bet. ring  fertili¬ 
zers  to  wheat  resulted  in  a  higher  sulphur  oontent  in  the  wheat 
kernel. 

Rigby  (17),  also  working  with  Breton  material,  hes 
shown  that  the  sulphur  in  wheat  is  a  factor  influencing  the 
baking  strength. 

Harrow  (11)  lists  four  sulphur-containing  amino 
acids,  namely  methionine,  oystine,  lanthlonine,  and  djenkolio 
acid.  He  classifies  cysteine  as  a  reduced  form  of  cystine, 
of  importance  in  biological  reactions  because  oystine  and 
cysteine  form  an  oxidation-reduction  system. 

The  sulphur-containing  amino  acids  have  received 
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considerable  attention  in  recent  years.  After  Shohl  (19) 
suggested  that  cystine  in  feed  of  sheep  is  e  limiting  factor 
in  the  production  of  wool,  the  cystine  content  of  several 
grasses  in  Australia  was  determined. 

Smith  and  Wang  (20)  have  determined  the  cystine  end 
methionine  oontent  of  the  leaves  of  four  of  the  main  fodder 
plants  in  Australia:  Trifolium  re pens.  Daotylis  glomerate , 
Lollum  perenne.  and  Phloum  pretense. 

Wood  and  Barrien  (27)  and  Berrien  and  Wood  (4) 
studied  the  sulphur  uptake  end  cystine  content  of  Sudan  grass. 
Though  the  leaf  end  seed  proteins  differ  considerably,  their 
work  is  significant  in  relation  to  the  studies  reported  in 
this  paper.  This  was  the  first  time  that  sulphur  was  considered 
as  a  factor  in  determining  the  quality  of  a  plant  bs  an  animal 
food.  The  following  results  were  obtained:  an  increased 
supply  of  sulphate  did  not  increase  the  oontent  of  cystine  or 
of  protein  sulphur.  An  increase  in  NH^  increased  the  oontent 
of  cystine  and  protein  sulphur  as  well  as  the  amino  and  pro¬ 
tein  nitrogen,  but  decreased  the  sulphate  sulphur  content. 

The  authors  state  that  aots  as  a  limiting  factor  in  the 
formation  of  protein  sulphur  from  sulphate. 

Rigby  (17)  determined  sulphur  content  of  wheat 
receiving  different  fertilizer  treatments  and  found  no  corre¬ 
lation  between  sulphur  deposition  and  nitrogen  deposition. 

Thomas  et  al  (24)  were  the  first  to  report  in  any 
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detail  the  distribution  of  sulphur  in  the  wheat  plant.  They 
supplied  radioactive  sulphur  in  the  nutrient  solution  as 
NagS*04>  m  d  by  fumigation  with  S*Qg  in  an  air-tight  green¬ 
house.  The  radioautographs  showed  the  radioactive  sulphur  to 
be  distributed  about  equally  among  the  different  portions  of 
the  wheat  kernel.  There  was  little  if  any  difference  in  the 
sulphur  distribution  resulting  from  treatment  with  S*0o  as  com¬ 
pared  with  Nap3*0*.  The  embryo  and  the  bran,  however,  repre¬ 
sent  only  about  15  per  cent  of  the  mass  of  the  kernel,  so 
that  most  of  the  sulphur  was  in  the  endosperm. 

These  workers  determined  the  total  sulphur  content 
of  the  wheat  kernel  and  the  sulphur  distribution  as:  labile 
or  sulphide  sulphur,  acid  soluble  organic  sulphur,  acid 
insoluble  organic  sulphur,  and  inorganic  sulphur.  The  labile 
or  oystine  sulphur  was  determined  by  alkaline  hydrolysis. 

The  acid  soluble  fraction  contained  the  methionine. 

Thomas  and  Hendricks  (23)  demonstrated  that  oystine 
was  the  prinoipal  source  of  labile  sulphur.  When  using 
alkaline  hydrolysis,  66  to  78#  of  the  oystine  sulphur  was 
evolved  as  hydrogen  sulphide,  6  to  19#  as  sulphur  dioxide, 
and  4  to  9#  was  oxidized  to  sulphate.  It  is  therefore  prac¬ 
tically  impossible  to  determine  from  the  data  of  Thomas, 
Hendricks,  Collier,  and  Hill  (24)  the  cystine  and  methionine 
contents  of  the  wheat  kernel.  Further,  no  attempt  was  made 
to  determine  the  relationship  between  any  of  the  sulphur 
fractions  and  the  quality  of  the  wheat. 
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Greaves  and  Bracken  (9)  found  no  inorganic  sulphur 
in  the  wheat  they  tested.  They  found  a  highly  significant 
correlation  between  the  total  sulphur  end  total  nitrogen  of 
the  wheat.  The  range  of  sulphur  asntent  was  0.15$  to  0.22$ 
and  the  correlation  coefficient  between  sulphur  and  nitrogen 
was  .81. 

Gubler  and  Greaves  (10)  determined  the  cystine  con¬ 
tent  of  spring  and  v;lnter  wheats  of  Utah.  In  spring  wheats 
the  range  was  from  .346  to  .405  per  cent,  with  an  average  of 
.372;  and  for  winter  wheats  the  range  was  from  .339  to  .385 
per  cent,  with  an  average  of  .361.  In  general,  variations  in  . 
cystine  content  were  associated  with  variations  in  sulphur  and 
nitrogen  oontent.  The  percentage  difference  between  the  lowest 
and  highest  sulphur  value  was  46$;  between  cystine  values,  20$; 
and  between  nitrogen  values,  31$.  The  average  oystine  sulphur 
content  was  54.4$  of  the  total  sulphur,  the  range  being  from 
47.1  to  66$.  It  was  also  observed  that,  in  general,  as  the 
total  sulphur  and  oystine  content  inoreasedthere  was  a  decrease 
in  the  percentage  of  the  total  sulphur  represented  by  cystine. 
This  was  also  observed  by  Wood  (26)  in  his  study  of  leaf  pro¬ 
teins.  The  correlation  coefficient  for  oystine  with  total 
sulphur  was  .83;  and  for  oystine  with  nitrogen,  .75. 

Csonke  (5)  determined  the  cystine  content  of  Marquis, 
Tenmarq,  and  Fulhio  wheats  as  .27,  .17,  and  .15,  respectively. 
The  corresponding  nitrogen  contents  were  3.31,  2.58,  and  2.34$. 
The  cystine  to  nitrogen  ratios  were  81,  65,  and  67  ragm. 
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cystine  per  gm.  of  nitrogen. 

Ri£by  (17)  studied  the  effect  of  sulphur  on  the 
quality  of  wheat.  The  material  he  used  was  grown  at  Breton. 
The  correlation  coefficients  were  as  follows: 


Statistic 
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sulphur  in  gluten,  > 
cystine, 

sulphur  in  wheat,  £ 
significant  beyond  5£  point 
significant  beyond  ljf  point. 


In  this  material  Rigby  found  that  protein  content 
was  not  an  adequate  indicator  of  baking  strength.  The  sul¬ 
phur  oontent  of  the  v.heet  was  positively  and  signlf ioantly 
correlated  with  loaf  volume.  The  gluten  contained  most  of 
the  sulphur  in  wheat  and  larger  amounts  of  sulphur  were  pre¬ 
sent  in  glutens  from  strong  flours.  Sulphur  appeared  to 
modify  the  physical  properties  of  the  gluten  by  increasing 
its  elastic,  cohesive,  and  extensible  characteristics.  The 
cystine  oontent  of  the  gluten  was  closely  related  to  loaf 
volume,  to  sulphur  in  gluten,  and  especially  to  sulphur  in 


-  I  - 


. 


. 


.  •  . 


*  - 

« 

. 

4 

. 

. 


wheat.  The  sulphur-nitrogen  ratio  in  tha  wheat  was  not  con¬ 
stant. 

Wood  (26)  states  that  cystine  and  methionine  are  the 
only  sulphur- containing  emino  acids  in  the  protein  molecule. 

This  is  supported  by  the  experimental  results  of  Baernstein  (1). 

Cysteine  is  highly  reactive  because  the  hydrogen  of 
its  sulphydryl  group  (BU)  is  readily  surrendered  to  oxidizing 
agents.  In  recent  years  the  S-H  compounds  have  received  con¬ 
siderable  attention.  Sulphydryl  groups  may  be  present  in  pro¬ 
teins  in  at  least  two  forms.  A  sulphydryl  group  is  said  to  be 
free  or  reaotive  when  the  native  protein  gives  a  positive 
reaction  to  ni troprusside  test  and  is  bound  or  non-reactive 
when  the  protein  must  be  denatured  to  liberate  the  S-H  group 
before  a  positive  reaotion  oan  be  obtained.  Meyer  and 
Wording  (15)  say  that  there  is  no  conclusive  evidence  of  the 
presence  of  either  reaotive  or  non-reaotive  sulphydryl  groups 
in  the  proteins  of  wheat  flour,  and  also  that  gluten  gave 
negative  reactions  before  and  after  denaturatlon  for  both  free 
and  non-reaotive  sulphydryl  groups. 

Glutathione  is  e  polypeptide  of  glutamio  add, 
glyoine,  and  cysteine.  Thus  it  too  contains  a  sulphydryl 
group.  Glutathione  in  wheat  ooours  ohiefly  in  the  germ. 
Sullivan.  Howe,  and  Sohmalz  (22)  say  that  no  more  than  traces 
are  found  in  commercial  patent  flours. 

Baker,  Parker,  and  Mize  (3)  suggest  that  the  amount 
of  glutathione  present  in  flour  depends  on  the  amount  of  germ 
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milled  Into  the  flour.  They  found  that  water  extracts  of 
different  flours  contained  varying  amounts  of  S-H  per  unit  of 
protein. 

There  are  no  references  in  the  literature  reviewed 
reporting  the  presence  of  lanthionlne  or  djenkolic  acid  in 
wheat  or  its  products.  Ltnthionine  has  been  isolated  from 
wool  and  djenkolic  acid  from  the  djenkol  been. 

MATERIAL 


Seri 28  I  -  Wheat  Quality  Test 


In  1944  field  plot  experiments  were  set  up  at  Fallis, 
Sundre,  and  V/arburg,  Fertilizers  were  applied  to  a  series  of 
seven  plots  replicated  three  times.  In  each  series  the  appli¬ 
cation  of  ammonium  sulphate  was  increased  progressively  from 
zero.  The  nitrogen  application  was  kept  constant  by  apply¬ 
ing  Correa pondingly  diminishing  amounts  of  ammonium  nitrate. 

In  1945  the  experiment  was  repeated  at  Fallis  and  Y'arburg, 

Red  Robs  wheat  was  used  throughout.  Table  I  gives  the  rates 
of  application  for  the  two  fertilizers  used. 
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TAELS  I 

Ratos  of  fertilizer  applied  in  the 

wheat  quality  tests 


Treatment 

Fertilizer 

j-er 

applied 
13- ft. 

in  grams 

row 

IK4NC3 

(NH4)2304 

1 

0 

0 

2 

8.2 

0 

3 

7.8 

0.7 

4 

7.3 

1.4 

5 

6.2 

3.6 

6 

4.0 

7.2 

7 

0.0 

14.4 

Series  II  -  Plant  Breeders’  Varieties  Test,  1944 


Marquis,  Thatcher,  Red  Bobs,  a  hybrid  C.T.149 
(Regent  x  Thetoher),  and  Mida  (C.T.307)  were  grown  from 
seed  supplied  by  the  Rust  Research  Laboratory,  Winnipeg. 
These  varieties  were  part  of  the  Plant  Breeders’  Varieties 
test  in  1944. 

The  five  varieties  were  grown  in  replicated  rod- 
row  plots  at  Athabasfce,  Beaver lodge,  Bon  Accord,  Fallis, 
Sundre,  Warburg,  and  at  SdmoQton  on  fallow  and  stubble. 
Composites  of  varieties  except  Red  Bobs  were  also  received 
from  the  Rust  Research  Laboratory,  Winnipeg. 
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Series  III  -  Selected  Varieties,  1345 


Marquis,  Thatoher,  and  Red  Bobs  were  grown  at 
Athabaska,  Bon  Accord,  Edmonton,  Fallis,  and  Warburg.  These 
varieties  were  part  of  the  U.  G.  G.  hard  spring  wheat  test. 

METHODS 


Nitrogen  and  Total  Protein 


Nitrogen  was  determined  by  the  Kj eldahl-Gunning- 
Arnold  method,  with  mercuric  oxide  as  catalyst,  exoept  where 
the  mioro-KJeldahl  method  is  specified.  In  the  latter  method 
ammonia  was  distilled  into  a  2#  boric  acid  solution.  The 
ammonia  was  titrated  with  N/100  HC1,  using  a  mixed  indicator 
of  methyl  red  and  methylene  blue  (18,  21).  The  protein  was 
oaloulated  as  nitrogen  x  5.7,  and  results  were  reported  on  a 
13.5#  moisture  basis. 


Baking 


Flour  samples  of  100  grams  were  baked  using  the 
malt-phosphate-bromate  formula,  with  0.3#  diastatio  melt,  0.1# 
ammonium  phosphate,  and  0.001#  potassium  bromate. 


. 


. 

. 

. 

,  . 

. 


*  •  ■-  , 

■ 


11 


Sulphur 


The  A.Q.A.C.  (14)  method,  using  nickel  crucibles, 
open  fusion  with  sodium-carbonate  and  sodium-peroxide  as  modi¬ 
fied  by  Rigby  (17)  was  used  for  sulphur  determination. 

Statistical  Analysis 


All  statistical  analyses  oarried  out  in  this  study 
follow  the  methods  described  by  Goulden  (7). 

Gluten  Washing 


The  solution  suggested  by  Dill  end  Aleberg  (6)  was 
used,  namely,  4«  mono-phosphate  adjusted  to  pU  6.8  by  the  addi¬ 
tion  of  sodium  di-phosphate.  Using  this  as  u  stock  solution, 
further  dilution  was  made  in  the  proportion  of  one  part  stook 
solution  to  forty  parts  of  unboiled  distilled  water.  Washing 
time  was  standardized  at  ten  minutes  for  a  30-gram  sample. 

Weights  of  the  dry  gluten  were  obtained  after  dry¬ 
ing  in  vaouo  at  d8°  C.  for  24  hours. 

Methionine  and  Cystine  in  Gluten 


Duplicate  samples  of  about  4  grams  each  of  gluten 
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were  hydrolyzed  for  20  hours  with  6  N  HC1.  These  hydrolyzetes 
were  concentrated  to  near  dryness  three  times  in  vacuo  with 
additions  of  about  10  ml*  of  distilled  water  between  concen¬ 
trations.  The  humin  was  filtered  from  each  hydrolyzate  and 
washed  with  boiling  water.  The  filtrates  were  made  up  to  100 
ml.  Fifty  ml.  were  used  for  the  methionine  determination. 

The  balance  was  made  up  to  100  ml.  for  the  cystine  determination. 
Determinations  were  made  on  duplicate  hydrolyzetes.  Results 
for  cystine  and  methionine  were  oaloulated  as  mgm.  per  gm.  of 
nitrogen  and  as  mgm.  in  gluten  representing  100  gm.  of  flour. 

Cystine 


A  combination  of  the  methods  of  Graff,  Maculla,  and 
Graff  (8)  and  Zittle  and  0*dell  (23)  was  found  to  be  satisfac¬ 
tory.  Zittle  and  O’dell  (29),  working  with  bull  spermatozoa, 
found  that  when  they  determined  the  nitrogen  content  of  the 
ouprous  meroaptlde  preoipitate  they  obtained  high  results  for 
the  cystine  content.  They  attributed  the  high  nitrogen  values 
to  the  presence  of  purines.  They  therefore  determined  the 
sulphur  content  of  the  ouprous  meroaptlde  preoipitate  with  a 
Farr  bomb.  Bailey  (2)  gives  the  purine  content  of  wheat  flour 
as  0.015'^.  It  was  therefore  decided  to  test  this  method  on 
gluten.  The  results  obtained  indicate  that  nitrogen  determine- 

t 

tions  on  the  cuprous  meroaptlde  precipitates  were  satisfactory. 

The  procedure  for  the  determination  of  cystine  was 


as  follows: 
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Triplicate  25-ml.  samples  were  pipetted  into  conical 
tipped  centrifuge  tubes.  The  samples  were  heated  to  boiling 
over  wire  gauze,  excess  cuprous  oxide  (prepared  as  suggested 
by  Zittle  and  O'dell  (29))  was  added  dropwise.  One  minute 
after  the  addition  of  the  last  of  the  cuprous  oxide,  0.5  ml. 
of  saturated  sodium  acetate  solution  was  added.  During  the 
heating  and  addition  of  the  cuprous  oxide  an?’  the  sodium  aoe- 
tate  the  solutions  were  stirred  mechanically.  After  forty 
minutes  the  samples  were  oentrifuged  at  2500  r.p.m.  for  10 
minutes.  The  cuprous  meroaptide  precipitates  were  washed  four 
times  with  dilute  citrate  acetate  buffer  with  stirring  and 
centrifuging  before  each  decantation. 

The  nitrogen  content  of  the  preolpltates  was  then 
determined  by  micro-kj eldahl  as  outlined  by  Graff,  Maculla 
and  Graff  (8). 

To  test  this  procedure  determinations  were  carried 
out  on  pure  solutloi s  of  cystine,  on  samples  of  gluten,  and 
on  samples  of  gluten  to  whioh  cystine  had  been  added.  The 
following  results  were  obtained: 

1.  Determination  of  cystine  in  solution  by  deter¬ 
mining  the  nitrogen  oontent  on  aliquots  containing  10 
mgm.  of  oystine  by  weight: 


Aliquot 


Cystine  found,  mgm 


1 

2 


9.51 

9.49 


Mean  9.50 
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2.  Detormi nation  of  cystine  in  pure  solution  by 
cuprous  oxide  preolpitation  on  aliquots  containing  10 
mem,  of  oystino  by  weight: 

Aliquot  Cystine  found,  ngm. 

1  9.44 

2  9.40 

Mean  9.42 

i  cystine  recovered  ■  x  100  -  99. 2^ 

9.50 

3.  To  test  whether  cystine  oan  be  recovered  quan¬ 
titatively  when  added  to  gluten,  the  following  experiment 
was  conducted.  All  determinations  were  done  in  tripli¬ 
cate. 

Gluten,  Cystine  added,  Cystine  found,  Cystine, 

gm.  aam. _  _ wu _  * 

•  956  nil  20.38  2.13 

.900  20  40.90 

40.90  -  20.87  -  20.03  mgm. 

Per  cent  reoovery  of  added  cystine  was  100.2 

It  therefore  appears  that  the  purines,  if  present  in 

gluten,  do  not  interfere  with  the  determination  of  cystine  by 

nitrogen  analysis  on  the  cuprous  meroaptide  precipitates. 


Methionine 

The  literature  was  reviewed  with  the  objeot  of  find¬ 
ing  a  method  that  could  be  carried  out  with  the  available 
equipment.  The  method  reported  by  Lavine  (12),  besed  on  the 
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reversible  reaction  of  methionine  with  iodine  was  tested.  The 
procedure  for  casein  as  reported  b 7  Levine  (12)  was  used  with 
the  following  modifications :  carboreffin  was  not  available 
bo  activated  charcoal  was  used  instead;  the  normality  of  the 
sodium  thiosulphate  used  was  about  .01  N. 

To  test  this  procedure,  determinations  for  methionine 
were  carried  out  on  pure  solutions  of  methionine,  on  samples 
of  gluten  and  on  gluten  to  which  methionine  had  been  added. 

Lavine  (12)  states  that  iodine  should  be  present  in 
excess  between  25  to  50*.  This  was  tested  and  it  was  found 
that  for  best  results  it  should  be  present  in  excess  between 
55  and  50*. 

1.  Determination  of  methionine  in  pure  solution  by 
determining  the  nitrogen  content.  20.6  mgm.  of  methionine 
were  made  up  to  25  ml.;  theoretically  each  10  oc.  aliquot 
contained  8.24  ragm.  methionine. 

Aliquot  Methionine  found,  mgra. 

1  7.96 

2  7.98 

Mean  7.97 

liiZ  -  96.8*  pure. 

8.24 

2.  Experiment  to  determine  the  excess  iodine 
necessary  for  the  periodide  titration: 
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Excess  iodine,  # 


ethioaine,  as  »  of  theoretical 


27 

31 

35 

41 

46 

43 

54 


32.3 

35.3 
93.6 

100.1 

100.7 

101.0 

101.8 


3.  Recovery  of  methionine  when  added  to  gluten 
before  hydrolysis.  Gluten  was  washed  from  three  flours: 
(a)  Robin  Eood  family  patent;  (b)  Marquis;  and  (c) 
Thatcher.  Both  Uarquis  and  Thatcher  were  grown  in  the 
experimental  plots  at  .dmonton.  Hydrolysis  time  was  15 
hours  for  gluten  from  the  Robin  Hood  family  flour.  For 
the  glutens  from  both  Marquis  and  Thatcher  flours  the 
hydrolysis  time  was  20  hours. 
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Recovery  of  ^©tuioaine 


Gluten 

source 

Gluten, 

m± 

Met* 

lionino 

Recovery, 

.  *  . 

Added, 

m&m. 

Found 

raftm.  % 

Recovered, 

mgm. 

Robin  Kood 

A 

2.294 

nil 

25.4 

1.150 

B 

1.854 

18.4 

39.2 

17.9 

97 

Marquis 

A 

4.027 

nil 

36.8 

.915 

B 

4,130 

nil 

38.1 

.923 

Mean  .919 

0 

1.958 

17.6 

33.2 

17.2 

97 

Thatcher 

A 

4.015 

nil 

34.9 

.869 

B 

3.993 

nil 

34.7 

.869 

C 

1.682 

17.7 

31.6 

17.0 

96 

D 

1.446 

24.1 

36.6 

23.6 

98 

Mean  recovery  97# 

RESULTS 


Series  I  -  Wheat  Quality  Test 


The  first  experiments  were  carried  out  on  the 
Quality  Test  material  for  1944,  Protein  and  sulphur  content 
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were  determined  on  the  whole  wheat.  All  samples  were  baked 
using;  the  melt-phosphate-broraate  formula.  The  results  are 
presented  in  Table  III. 

Similar  determinations  were  carried  out  cn  the  1945 
Quality  Test  and  the  results  are  shown  included  in  Table  III. 
The  plots  at  Sundre  were  snowed  under  and  the  test  was  there¬ 
fore  not  harvested. 

The  protein  content  was  not  affected  by  fertilizer 
treatment.  The  1944  samples  all  had  uniformly  low  baking 
strength,  the  range  in  loaf  volume  for  any  one  stption  being 
very  small.  Nearly  ell  differences  from  the  mean  are  within 
the  experimental  error.  There  are  therefore  no  quality  dif¬ 
ferences  evident.  Only  at  V'arburg  in  1945  is  there  any  indi¬ 
cation  of  a  trend  in  eulphur  content  resulting  from  increased 
sulphur  application.  The  samples  that  received  the  larger 
amounts  of  eulphur  fertilizer  have  higher  loaf  volumes. 
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TABLE  TIT 

'.’'beat  nuality  test  results 


Treat¬ 

ment 

1944 

1945 

Protein, 

 * . 

Sulphur, 

i  

Loef 
volume , 
CO. 

Protein, 

i . 

Sulphur , 

Tto 

Loaf 
volume, 
cc . 

Faille 

1 

9.8 

0.142 

550 

1.3.6 

0.176 

660 

2 

9.7 

0.141 

525 

14.1 

0.174 

693 

3 

9.6 

0.130 

510 

13.7 

0.167 

688 

4 

9.5 

0.148 

495 

13.3 

0.161 

645 

5 

9,4 

0.143 

495 

13.7 

0.176 

755 

6 

9.4 

0.142 

500 

13.7 

0.177 

625 

7 

9.4 

0.149 

470 

14.0 

0.179 

693 

Mean 

9.5 

0.142 

506 

13.7 

0.173 

680 

Warburg 

1 

9.9 

0.124 

475 

15.3 

0.145 

635 

2 

10.4 

0.121 

460 

14.8 

0.142 

635 

3 

9.6 

0.106 

470 

15.0 

0.154 

673 

4 

9.5 

0.121 

460 

15.4 

0.145 

655 

5 

10.0 

0.126 

480 

15.7 

0.174 

635 

6 

9.9 

0.128 

480 

15.9 

0.196 

788 

7 

9.9 

0.128 

450 

15.5 

0.191 

823 

Mean 

9.9 

0.122 

466 

15.4 

0.164 

692 

Sundre 

1 

7.8 

0.120 

450 

2 

8.4 

0.123 

423 

3 

8.4 

0.126 

480 

4 

8.2 

0.125 

455 

• 

5 

8.1 

0.122 

488 

6 

8.2 

0.122 

480 

7 

8.4 

0.124 

485 

Mean 

8.2 

0.123 

469 
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Series  II  -  Plant  Breeders*  Varieties  Test,  1944 


The  protein  and  loaf  volume  data  for  the  varieties 
Marquis,  Thatcher,  Red  Bobs,  Mida,  and  C.T.149,  are  plotted  in 
Figure  1.  The  correlation  coefficients  are  given  in  Table  IX. 

For  Marquis,  Thatcher,  and  Red  Bobs  the  correlations 
for  protein  with  loaf  volume  are  highly  significant,  while 
for  Mida  and  C.T.149  they  are  just  significant.  In  a  pre¬ 
vious  study,  an  analysis  of  variance  wes  carried  out  on  com¬ 
bined  data,  which  also  included  Newthatoh  and  C.T.141,  to 
test  the  linearity  of  the  regression.  The  "F"  value  was  sig¬ 
nificant  beyond  the  5^  point,  indicating  a  non-linear  regres¬ 
sion. 

The  test  for  heterogeneity  of  regression  coefficients 
for  protein  on  loaf  volume  indicated  that  there  were  no  sig¬ 
nificant  differences  between  the  regression  coefficients. 

The  analyses  of  variance  on  protein  and  loaf  volume 
are  given  in  Tables  IV  and  V,  respectively.  Only  Mida  is 
significantly  higher,  while  only  Red  Bobs  is  significantly 
lower  than  Marquis  in  protein  oontent.  All  varieties  are 
significantly  lower  than  Marquis  in  loaf  volume. 

The  above  results  indicate  that  Thatcher  behaved 
abnormally  in  1944.  That  is,  it  produced  a  loaf  volume  lower 
than  expeoted  for  its  protein  oontent.  The  regression  oo- 
effioient  is  not  significantly  higher  than  for  Marquis 
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Figure  1 

Scatter  diagram  showing  the  relation  between 
protein  and  loaf  volume,  Series  II 
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tabu:  rr 

Protein  content  of  wheat,  # 


Station 

Marquis 

Thatcher 

Red  Bobs 

Mida 

G.T.149 

Mean 

Athabaska 

8.5 

8.9 

7.7 

9.0 

8.5 

8.5 

Beaverlodge 

15.0 

15.7 

13.3 

14.9 

15.3 

14.8 

Bon  Accord 

12.4 

11.9 

11.3 

12.3 

12.1 

12.0 

Edmonton  (F) 

13.8 

14.1 

12.8 

14.5 

14.6 

14.0 

Edmonton  (3) 

14.0 

13.9 

13.2 

15.0 

13.9 

14.0 

Fa  Hi  s 

10.5 

10.1 

9.0 

10.2 

10.8 

10.1 

Sundre 

8.1 

8.8 

7.7 

8.7 

9.1 

8.5 

Warburg 

12.0 

12.4 

11.4 

12.8 

12.2 

12.2 

Mean 

11.8 

12.0 

10.8 

12.2 

12.1 

Analysis  of  variance 

Variance  due  to 

D.F. 

Mean  square 

F 

l  i  point 

Variety 

4 

2.467 

21.08 

4.07 

Station 

7 

31.077 

265.62 

3.36 

Error 

28 

0.117 

Total 

39 

Minimum  significant  difference  for  variety  *  0.3# 

Only  Mida  and  C.T.149  are  significantly  higher  than  Marquis 
Only  Red  Bobs  is  significantly  lower  than  Marquis 

Minimum  significant  difference  for  station  »  0.4# 

Only  Beaverlodge  is  significantly  higher  than  Edmonton 
All  other  stetions  are  significantly  lower  than  Edmonton. 
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TABLE  V 

Loaf  volume  of  wheat,  cc. 


Station 

Marquis 

Thetcher 

Red  Bobs 

Mida 

C.T.149 

Mean 

Athabeska 

485 

450 

457 

463 

445 

461 

Beaverlodge 

882 

785 

793 

860 

835 

342 

Bon  Accord 

578 

590 

565 

593 

538 

573 

Edmonton  (F) 

740 

703 

683 

693 

637 

693 

Edmonton  (S) 

857 

615 

720 

625 

539 

631 

Fallis 

497 

475 

430 

460 

437 

470 

Sundre 

490 

472 

510 

470 

510 

490 

Warburg 

548 

485 

525 

445 

445 

489 

Mean 

635 

572 

587 

577 

567 

Analysis  of  variance 


Variance  due  to 

D.F. 

t-iean  square 

F  5j6  point 

1#  point 

Variety 

4 

5965 

3.03  2.71 

4.07 

Station 

7 

95576 

40.56  2.36 

3.36 

Error 

28 

1968 

Total 

39 

Minimum  significant  difference  for  variety  »  44  co. 

All  varieties  are  signifioantly  lower  than  Marquis. 

Minimum  significant  difference  for  station*  57  oo. 

Only  Beaverlodge  is  significantly  higher  than  Edmonton  (F) 
Athabaska,  Bon  Accord,  Fallis,  Sundre,  and  Warburg  are  sig 
nificantly  lower  than  Edmonton  (F) . 
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end  the  whole  regression  line  is  below  the  line  for  Marquis. 

In  a  six-year  survey  of  Alberta-grown  wheats,  McCalla  (13) 
found  Thatcher  to  be  consistently  higher  in  protein  and  loaf 
volume  than  Marquis;  also  its  regression  coefficient  was 
significantly  higher.  Since  the  whole  regression  line  lay 
above  the  line  for  Marquis,  the  steepor  slope  did  not  indi¬ 
cate  poorer  quality  at  any  protein  level. 

Sulphur  determinations  were  made  on  the  whole  wheat. 
The  individual  values  for  sulphur  content  in  the  1U44  material 
are  presented  in  Table  71 . 

A  simple  analysis  of  varlanoe  was  carried  out  on 
the  sulphur  content  of  the  five  varieties  (Table  VI).  The 
results  show  Marquis  to  be  significantly  higher  than  all  other 
varieties  end  Ked  Bobs  to  be  significantly  lower.  The  largest 
differences  were  between  stations.  Edmonton  after  fallow  and 
after  stubble,  and  Beaverlodge,  did  not  differ  significantly 
from  each  other.  All  other  stations  are  signif ioantly  lower 
in  sulphur  content  than  Edmonton  after  fallow. 

Thatcher  has  a  higher  protein  content  and  a  signi¬ 
ficantly  lower  loaf  volume  and  sulphur  content  than  Marquis. 
Idlde  and  C.T.143  have  signif  ioantly  higher  protein  content 
but  significantly  lower  loaf  volume  and  sulphur  content  than 
Marquis.  Red  Bobs  is  significantly  lower  in  protein,  loaf 
volume,  and  sulphur  content,  than  Marquis. 
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TABLE  71 

Sulphur  in  wheat,  # 


Station 

Marquis 

Thatcher 

Red  Bobs 

Mi  da 

C .T .149 

Mean 

Athabaska 

.158 

.150 

.131 

.146 

.133 

.144 

Beaverlodge 

.206 

.188 

.161 

.180 

.160 

.187 

Bon  Accord 

.170 

.168 

.150 

.162 

.166 

.163 

Edmonton  (F) 

.207 

.166 

.162 

.189 

.184 

.186 

Edmonton  (3) 

.215 

.130 

.177 

.199 

.191 

.194 

Fallis 

.167 

.151 

.132 

.142 

.146 

.148 

Sundre 

.152 

.137 

.ill 

.129 

.141 

.134 

Warburg 

.182 

.161 

.143 

.142 

.148 

.155 

Mean 

.182 

.166 

.148 

.161 

.161 

Analysis  of  variance 

Variance  due  to 

»,F. 

Mean  square 

T 

1#  point 

Variety 

4 

.001200 

24.49 

4.07 

Station 

7 

.002569 

52.35 

3.36 

Error 

28 

.000049 

Total 

39 

Minimum  significant  difference  for  variety  *  0.007# 

Marquis  is  signifioantly  higher  than  all  other  varieties 
Red  Sobs  is  significantly  lower  than  all  other  varieties. 

Minimum  significant  difference  for  station  *  0.003# 
Athabaska,  Bon  Accord,  Fallis,  sundre,  and  Warburg  are  sig¬ 
nificantly  lower  than  Edmonton  ( F) ,  IS),  and  Beaverlodge. 
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The  regression  lines  for  loaf  volume  on  sulphur 
content  are  plotted  in  Figure  2.  There  sre  no  significant 
differences  between  the  regression  coefficients  for  the  five 
varieties  as  is  shown  by  the  results  of  an  analysis  of  vari¬ 
ance  given  in  Table  VII. 

TABLE  VII 

Test  of  homogeneity  of  varietal  regression 
coefficients  by  analysis  of 


residual 

variance 

Variance  due  to 

D.F.  Mean  square 

F  point 

Differences  among  varietal 
regression  coefficients 
Deviations  from  individual 

36 

varietal  regressions 

34  9359 

Difference 

4  5442 

0,58  2.62 

There  is  a  close  relationship  between  sulphur  end 
protein  content  for  all  varieties.  The  partial  coefficient 
a*  H  _  for  ail  varieties  is  less  than  the  simple  correletion 
coefficient  rvs,  indicating  that  the  elimination  of  the  effect 
of  protein  onuses  a  decrease  in  the  apparent  effect  of  sul¬ 
phur  on  loaf  volume.  The  partial  coefficient  rVp#s  is  less 
than  the  simple  correlation  coefficient  ryp  indicating  that 
the  elimination  of  the  effect  of  sulphur  caused  a  deorease  in 
the  apparent  effect  of  protein  on  loaf  volume.  The  effects 
of  protein  e  nd  sulphur  content  on  loaf  volume  ere  apparently 
related.  This  Is  to  be  expeoted  when  the  correlation  of 
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Figure  2 

Relation  between  loaf  volume  and 
sulphur  in  wheat,  Series  II 
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protein  with  sulphur  content  is  highly  significant  for  all 
varieties. 

The  multiple  correlation  coefficient  Ry  ps  for  each 
of  Marquis,  Thatcher,  and  Red  Bobs,  was  highly  significant. 

This  multiple  coefficient  was  not,  however,  signif icantly 
higher  than  either  the  simple  rvs  or  rvp.  This  indicates  that, 
for  these  samples,  that  part  of  the  variability  in  loaf 
volume  accounted  for  by  variability  in  sulphur  content  is 
closely  associated  with  the  variability  in  protein.  In  other 
words,  the  protein  and  sulphur  measured  the  same  variability 
in  different  ways. 

The  simple  correlations  with  loaf  volume  for  Mida 
and  C.T.142  are  all  just  significant,  while  the  multiple  cor¬ 
relations  are  not  significant.  Mida  is  the  only  variety 
having  the  relo tionship  between  loaf  volume  and  sulphur  in 
wheat  lower  tnan  the  relationship  between  loaf  volume  End 
protein. 

The  sulphur  nitrogen  retios  were  calculated  and 
found  to  vary  considerably.  The  date  ore  presented  in  Table 
VIII.  In  Figure  3,  sulphur  in  wheat  Is  plotted  against  pro¬ 
tein  content.  For  a  given  amount  of  protein  Marquis  has  more 
sulphur  than  any  other  variety.  Thatcher  ranks  second  in 
this  respect,  while  there  is  little  if  any  difference  among 
Red  Bobs,  Mida,  and  C.T.149. 
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TABLE  VIII 

Sulphur-nitrogen  ratios  -  1944 


Station 

MarQuis 

Thatcher 

Red  Bobs 

iJida 

C.T.149 

Athabaska 

,0913 

.0833 

.0834 

.0798 

.0773 

Besverlodge 

.0675 

.0589 

.0670 

.0596 

.0582 

Bon  Accord 

.0677 

.0697 

.0652 

.0648 

.0675 

Edmonton  (F) 

.0739 

.0650 

.0625 

.0643 

.0622 

Edmonton  (S) 

.0760 

.0676 

.0660 

.0655 

.0677 

Fallis 

.0784 

.0740 

,0721 

.0686 

.0664 

Sundre 

.0921 

.0765 

.0707 

.0728 

.0767 

Warburg 

.0749 

.0639 

.0616 

.0548 

.0600 

Composite 

.0775 

.0672 

.0664 

.0594 

TABLE  IX 

Correlation  coefficients 


Statistic 

Marquis 

Thatoher 

Red  Bobs 

Mida 

C.T.149 

rVp 

rvs 

rps 

.888** 

.826** 

.868** 

.767* 

.776* 

.914** 

.835** 

.915** 

.790* 

.672* 

.894** 

.943** 

.962** 

.881** 

.899** 

**vs  .  D 

.472 

.298 

.588 

.376 

-.008 

*  —  •  r 

rvp.s 

.396 

.213 

-.109 

.024 

.531 

Bv.ps 

.927** 

.843* 

.999** 

.790 

.778 

v  ■  loaf  volume,  cc. 
p  -  protein,  % 
s  *  sulphur  in  wheat,  JL 
*  -  significant  beyond  54  point 
'*  -  significant  beyond  1%  point 
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Figure  3 

Relation  between  protein  and 
sulphur  in  wheat,  Series  II 
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Methionine  and  cystine  were  determined  on  samples 
of  crude  gluten  prepared  from  weighed  samples  of  each  flour. 
From  the  values  obtained  yields  for  100  grams  of  flour  were 
then  calculated.  These  values  permit  correlation  with  qua¬ 
lity,  since  loaf  volumes  were  determined  on  100  grams  of 
flour. 

Gluten  was  used  for  two  reasons:  First,  Rigby  (17) 
found  that  a  highly  significant  correlation  existed  between 
sulphur  content  of  gluten  and  loaf  volume  and  that  the  sulphur 
was  concentrated  In  the  gluten.  Second,  during  hydrolysis 
less  hurain  is  formed  than  when  flour  or  whole  wheat  is  hydro¬ 
lyzed.  In  these  determinations  the  hydrolyzates  contained  an 
average  of  1#  humin  nitrogen.  In  the  determination  of  methi¬ 
onine  and  oystine,  checks  between  duplicate  hydrolyzates  were 
accepted  when  the  duplicate  values  in  ragm.  of  methionine  or 
cystine  per  gram  of  nitrogen  agreed  within  5$.  The  nitrogen 
in  the  hydrolyzete  was  determined  by  the  mioro-kjeldahl 
method,  using  merourio  oxide  as  catalyst  and  three-hour 
digestion.  The  humin  nitrogen  was  determined  by  the  macro 
method.  The  complete  analysis  for  cystine  and  methionine  re¬ 
quired  about  one  weelc.  The  oystine  and  methionine  were  first 
determined  in  Thatcher.  In  this  first  series  of  determina¬ 
tions  the  standard  error  between  duplicates  for  cystine  was 
2.3#  end  for  methionine  1.6#.  In  the  second  series  the 
results  on  Marquis  were  a  little  better,  mainly  because  of 
more  experience  with  the  methods.  The  standard  error  between 
duplicates  was:  for  oystine,  0.5i4;  and  for  methionine,  1.0#. 
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The  cystine  and  methionine  values  for  Marquis  and  Thatcher  in 
1944,  along  with  loaf  volume,  protein,  end  sulphur  in  wheat, 
are  presented  in  Table  X. 

There  is  not  much  difference  between  Marquis  and 
Thatcher  in  cystine  content.  The  taethionine  content  is  con¬ 
sistently  and  significantly  lower  in  Thatcher  than  in  Marquis. 
The  range  for  cystine  in  Marquis  is  from  211  to  362  mgm., 
with  a  mean  of  2*6  mgm.  in  gluten,  representing  100  gm.  of 
flour.  In  Thatcher  the  range  is  from  185  to  370  mgm.  with 
a  mean  of  276  mgm.  For  methionine  the  ranges  are:  Marquis, 
126  to  206  mgm.,  mean  165  mgm;  Thatcher,  102  to  156  mgm. , 
mean  125  mgm.  All  values  ere  in  mgm,  representing  gluten 
from  100  gra,  of  flour. 

The  oystlne  data  for  Marquis  and  Thatcher  ere 
plotted  against  loaf  volume  in  Figure  4.  The  methionine  data 
for  both  varieties  are  plotted  against  loaf  volume  in  Figure 
5.  The  calculated  regression  lines  are  plotted  In  all  oases. 

The  correlation  coefficients  for  cystine  end  methi¬ 
onine  with  loaf  volume,  {.rotein  and  sulphur  in  wheat  are  pre¬ 
sented  in  Table  XI.  All  the  simple  and  multiple  coefficients 
are  highly  significant. 

The  partial  coefficients,  rvo#p  and  rvm#p  for 
Thatcher  are  significant.  It  appears  thet  the  measurement  of 
cystine,  independent  of  protein,  accounts  for  more  of  the 
variability  in  loaf  volume  then  does  the  measurement  of  crude 
protein;  also  the  measurement  rvm#p  takes  into  account  nearly 
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TABLE  X 

Data  -  1944 


Loaf 

volume , 

cc. 

Protein  in 

wheat. 

* 

Sulphur  in 
wheat . 

* 

Cystine  in 

gluten, * 

mgni. 

Methionine 
in  gluten, * 
mg*. 

Athnbeske 

Marquis 

465 

8.5 

.158 

211 

128 

Thetoher 

450 

8.9 

.150 

224 

102 

Beaverlodge 

Marquis 

mz 

13.0 

.206 

362 

206 

Thatoher 

705 

15.7 

.180 

370 

155 

Bon  Aooord 

Marquis 

578 

12.4 

.170 

276 

164 

Thatoher 

390 

11.9 

.168 

265 

125 

Edmonton 

(after  fallow) 

Marquis 

740 

13.3 

.207 

337 

177 

Thatoher 

700 

14.1 

.186 

302 

144 

Edmonton 

(after  stubble) 

Marquis 

837 

14.0 

.215 

337 

192 

Thatcher 

315 

13.9 

.190 

290 

133 

Fellls 

Marquis 

497 

10.3 

.167 

215 

126 

Thatoher 

475 

10.1 

.151 

235 

103 

3undre 

Marquis 

490 

8.1 

.152 

- 

- 

Thatoher 

472 

8.8 

.137 

185 

104 

Warburg 

Marquis 

546 

12.0 

.182 

279 

154 

Thatoher 

465 

12.4 

.161 

244 

106 

Composite 

Marquis 

750 

12.9 

.203 

348 

187 

Thatoher 

027 

13.4 

.182 

357 

156 

*  From  100  gm.  of  flour 
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Figure  4 

Relation  between  cystine  in  gluten  per 
100  grams  of  flour  and  loaf 
volume,  Series  II 
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too  120  140  160  180  200 


METHIONINE  MGM. 


Figure  5 

Relation  between  methionine,  in  gluten 
per  100  grams  of  flour,  and 
•  loaf  volume,  Series  II 
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TABLE  XI 

Cystine  and  methionine  statistics 


ro 

Vm 

*pc 

‘P® 

os 

'ms 

'em 


^▼p.o 

rvo.p 

rvm.p 

RV,0P 

ttv.mp 


Marquis 

Thatcher 

.935** 

.948** 

.957** 

.992** 

.932** 

.893** 

.938** 

.868** 

,940** 

.882** 

.899** 

.886** 

,977** 

.948** 

.132 

-.147 

-.100^ 

-.555 

.630* * 

.831** 

.763* 

.982** 

.936** 

.949** 

.996** 

.994** 

▼  *  loaf  volume,  cc. 
p  »  protein,  iL 

s  »  sulphur  in  wheat,  % 

o  *  cystine  (mgm, )  in  gluten  per  ICO  gm  of  flour 

m  *  methionine  (mgm. )  in  gluten  per  100  gm.  of  flour 

*  significant  beyond  5#  point 

**  significant  beyond  1%  point. 
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all  of  the  factors  affecting  loaf  volume.  There  is,  of  course, 
considerable  overlapping  in  the  effects  of  crude  protein, 
cystine,  and  methionine  on  loaf  volume,  but  these  results 
suggest  strongly  that  volume  is  more  closely  associated  with 
the  content  of  the  individual  amino  acids  than  with  the  protein 
content.  This  may  he  because  the  cystine  and  methionine  are 
measured  on  gluten, while  the  protein  content  includes  all 
nitrogen-containing  compounds. 

The  multiple  Rv#Cp  *or  ^rquis  is  highly  significant 
but  is  not  significantly  higher  than  either  rvo  or  rvp,  Ry.mp 
is  highly  significant  and  the  difference  between  Rv#mp  and 
either  of  rVj;  or  rvm  is  significant  beyond  the  1  i  point. 

The  multiple  Rv<Cr  is  highly  significant,  while  the 
difference  between  Rv  op  and  rT0  is  not  significant  and  that 
between  Rv#c:)  and  ryp  is  significant  beyond  the  5#  point. 

The  difference  between  the  highly  significant  Ry.mp  and  rvm 
is  not  significant,  but  between  Rv#mp  and  rvp  difference 
is  significant  beyond  the  1 £  point. 

It  is  significant  that  the  variability  in  methionine 
and  protein  combined  ao counts  for  99^  of  the  variability  in 
the  loaf  volume  of  both  Marquis  and  Thatcher  in  1944. 

The  sulphur  content  of  several  samples  of  Marquis 
gluten  was  determined  to  compare  the  recovery  of  sulphur  as 
found  in  methionine  and  cystine  with  the  total  sulphur  in 
gluten.  For  this  purpose  the  gluten  sulphur  in  flour  was  cal¬ 
culated  because  the  cystine  and  methionine  results  were 
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calculated  for  gluten  representing  100  gm,  of  flour.  Six 
samples  gave  a  mean  recovery  of  101,4#  (Table  XII),  The 
sulphur  content  of  the  gluten  from  the  Edmonton  (F)  sample 
was  probably  too  low,  \  hen  this  sample  was  omitted  the  mean 
recovery  was  99.3#, 

The  mean  values  for  methionine  enc  cystine  in  mgm, 
per  gram  of  nitrogen  for  iiarquis  and  Thatcher  at  all  stations 
in  1944  are  presented  in  Table  XIII,  In  general  the  lower  qua¬ 
lity  samples  have  larger  quantities  of  oystine  and  methionine 
per  gram  of  nitrogen. 

The  methionine-cystine  sulphur  ratio  for  Marquis  was 
consistently  higher  than  for  Thatcher  (Table  XIV).  This 
ratio  difference  may  be  one  of  the  reasons  why  Thatcher  be¬ 
haved  abnormally  in  1944 f  but  the  data  are  too  meagre  to  justify 
any  definite  conclusion. 


TABLE  XII 

Recovery  of  sulphur  as  methionine  and 
oystine  from  gluten 


Gluten 

in 

flour, 

* 

Sulphur 

in 

gluten, 

# 

Gluten 
sulphur 
in  flour, 

# 

Total 

sulphur 

recovered, 

* 

Recovery, 

*  - 

Athabaska 

8.8 

.993 

.874 

.836 

95.7 

Bon  Accord 

13.3 

.814 

1.082 

1.088 

100.5 

Fallis 

10.1 

.834 

.843 

.843 

100.0 

Warburg 

13.0 

.812 

1.054 

1.074 

100.2 

Edmonton  (F) 

14.8 

.768 

1.138 

1.278 

112.3 

Composite 

16.1 

.826 

1.328 

1.327 

99.9 

lean  recovery  101.4# 
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TABLE  XIII 


Methionine  and  cystine  per  gras  nitrogen 


Marquis  Thatcher 

Methionine,  Cystine,  Methionine,  Cystine, 

mgm. mgm. nigra. ragm. 

1944 


Athabasca 

104 

170 

68 

179 

Beaverlcdge 

82 

145 

61 

148 

Bon  Accord 

87 

143 

70 

146 

Edmonton  (F ) 

84 

158 

64 

135 

Edmonton  (S) 

89 

157 

67 

145 

Fallis 

95 

162 

72 

166 

Sundre 

- 

- 

88 

160 

Warburg 

86 

157 

62 

137 

Composite 

88 

154 

72 

163 

1945 

Edmonton 

73 

141 

78 

163 

Fall is 

83 

163 

71 

146 

TABLE  XIV 

Methionine-oystine  sulphur  ratio 

Station 

Marquis 

Thatcher 

Athabaska 

.49 

.37 

Beaverlodge 

.46 

.31 

Bon  Acoord 

.48 

.38 

Edmonton  (F) 

.42 

.39 

Edmonton  (S) 

.46 

.36 

Fall is 

.47 

.35 

Sundr6 

- 

.45 

Warburg 

.44 

.35 

Composite 

.43 

.35 

Mean 

.46 

.37 

'  - 
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Series  III  -  Selected  Varieties,  1945 


The  ranges  for  protein  are  very  narrow  in  the  1945 
material.  The  protein  ranges  are  as  follows:  Marquis  12,7  to 
15,9,*,  mean  15.1$;  Thatoher  15.2  to  15.8%,  mean  15.6%;  Red  Bobs 
12,7  to  15.2%,  mean  14,1%.  The  sulphur  in  wheat  ranges  are: 
Marquis  .177  to  .221%,  moan  .200%;  Thatoher  .184  to  .212%,  mean 
.199%;  Red  Bobs  .176  to  .206%,  mean  .197%. 

The  data  for  loaf  volume,  protein,  and  sulphur  in 
Table  IV  are  plotted  in  Figures  6  and  7.  The  correlations 
between  loaf  volume  and  protein  end  between  loaf  volume  and 
sulphur  are  obviously  not  of  a  high  order.  They  were  not  cal¬ 
culated  because  the  population  is  so  small. 

The  distribution  of  sulphur  in  gluten  was  determined 
for  Marquis  and  Thatcher  at  Kdmonton  and  Fellis.  The  total 
cystine  and  methionine  sulphur  found  gave  a  mean  recovery  of 
97%  (Table  XVI). 

The  amounts  of  methionine  and  cystine  in  gluten 
representing  100  grams  of  flour  (Table  XVII)  are  plotted  in 
Figure  8,  In  1945  only  methionine  appears  to  be  related  to 
loaf  volume,  but  the  ranges  are  small  and  the  levels  high. 

The  results  for  sulphur  in  wheat,  flour,  and  gluten 
indicate  that  the  highest  concentration  of  sulphur  occurs  in  the 
gluten  from  the  lowest  quality  flour.  This  sulphur  in  the 
gluten  represents  a  mean  of  70.5%  of  that  found  in  the  flour 
and  62.2%  of  that  found  in  the  whole  wheat  (Table  XVIII). 
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TABLE  XV 
Results  tor  1945 


Loaf 

Protein 

in 

Nitrogen  in 

Sulphur 

in 

Variety  volume 

wheat . 

jL 

wheat ,  jo 

wheat. 

jo  S/N  ratio 

Athabaska 


Marquis 

865 

14.9 

3.03 

.177 

.584 

Thatcher 

803 

15.5 

3.15 

.184 

.504 

Red  Bobs 

818 

14.1 

2.85 

.200 

.702 

Bon  Accord 

Marquis 

783 

15.4 

3.12 

.214 

.687 

Thatcher 

770 

15.7 

3.19 

.212 

.665 

Red  Bobs 

760 

14.2 

2.88 

.203 

.705 

Edmonton 

Marquis 

845 

15.6 

3.16 

.207 

.655 

Thatcher 

923 

15.6 

3.16 

.210 

.665 

Red  Bobs 

813 

14.3 

2.90 

.198 

.683 

Fallis 

Marquis 

740 

12.7 

2.57 

.182 

.708 

Thatcher 

875 

15.2 

3.07 

.193 

.629 

Red  Bobs 

730 

12.7 

2.58 

.176 

.683 

War bur* 

Marquis 

778 

15.9 

3.23 

.221 

.684 

Thatcher 

818 

15.8 

3.21 

.198 

.617 

Red  Bobs 

828 

15.2 

3.06 

.206 

.673 
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Figure  6 

Relation  between  loaf  volume  and 
protein  content,  Series  III 
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SULPHUR  IN  WHEAT  % 


Figure  7 

Relation  between  loaf  volume  and 
sulphur  in  wheat,  Series  III 
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TA BLE  XVI 

Sulphur  distribution  in  gluten 
expressed  in  percent 


^dmonton 

Fallis 

Marquis 

Thatcher 

Marquis 

Thatcher 

Methionine 

in  gluten 

0.956 

1.028 

1.063 

0.904 

Meth ion in© 

sulphur 

0.215 

0.220 

0.240 

0.204 

Cystine  in  gluten 

1.954 

2.033 

2.028 

1.795 

Cystine  sulphur 

0.521 

0.555 

0.539 

0.477 

Total  sulphur  recovered  0.736 

0,775 

0.779 

0.681 

Gluten  sulphur 

0.779 

0.783 

0,821 

0.684 

Recovery 

94.7 

99.0 

94.8 

99.6 

Mean  recovery  -  27,0# 

TABLE  XVII 

Cystine  and 

methionine 

content,  1945 

Loaf 

In  gluten  per 

100  gm.  flour 

volume. 

oc. 

Methionine,  rngia. 

Cystine, 

mm. 

Edmonton 

Marquis 

845 

158 

313 

Thatcher 

923 

184 

290 

Fallis 

Marquis 

740 

152 

373 

Thatcher 

875 

170 

266 
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Figure  8 

1.  Relation  between  methi-  2.  Relation  between  cystine, 
onine,  in  gluten  per  in  gluten  per  100  grains 

100  grams  of  flour,  of  flour,  and 

and  loaf  volume,  loaf  volume, 

Series  III  Series  III 
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TABLE  XVIII 

Recovery  of  sulphur,  expressed 
In  percent 


Edmonton 

Failis 

Marquis 

Thatcher 

Marquis 

Thatcher 

Gluten  in  flour 

16.0 

17.9 

14.3 

18,8 

Sulphur  in  gluten 

0.779 

0.732 

0.321 

0.634 

Gluten  sulphur  in  flour 

0.125 

0.131 

0.117 

0.123 

Sulphur  in  flour 

0,178 

0.186 

0.177 

0.163 

Recovery  from  flour 

70.0 

70.5 

66.2 

75.5 

Sulphur  in  wheat 

0.207 

0.210 

0.182 

0.193 

Recovery  from  wheat 

60,5 

68,4 

64.3 

63.8 

Mean  recovery  from  flour  -  70.5% 
Mean  recovery  from  wheat  -  62.7% 


The  mean  vaiuss  for  cystine  am;  raethionine  in  mgm, 
per  gram  of  nitrogen  are  included  with  the  1945  results 

(Table  XIII). 


DISCUSSION  AND  SUMMARY 


Rigby  (17)  found  sulphur  to  be  a  factor  affecting 
the  baiting  strength  of  wheat.  The  material  he  used  showed 
improved  baking;  strength  not  explainable  on  the  basis  of  pro¬ 
tein  oontent.  This  Improved  baking  strength  was,  however, 
associated  with  the  sulphur  content  of  wheat,  flour,  and  glu¬ 
ten,  since  the  material  was  grown  on  sulphur-uef ioient  soil 
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the  uptake  of  sulphur  was  greatly  Increased  in  the  samples 
from  plots  receiving  a  sulphur-bearing  fertilizer.  The  nitro¬ 
gen  oontent,  however,  appears  to  be  uniformly  low  in  the 
three  years  that  whest  was  studied. 

To  heve  a  good  range  in  sulphur  content  of  wheat  the 
quality  test  was  grown  at  Fallis,  Sundre,  and  Warburg.  It  is 
regrettable  that  this  planting  did  not  provide  samples  giving 
the  expected  differences. 

The  sulphur  content  of  five  varieties  of  wheat  was 
determined  and  significant  differences  between  varieties  were 
found.  This  is  in  agreement  with  the  work  of  Greaves  and 
Braoken  (9).  The  results  also  indicate  that  the  sulphur- 
nitrogen  ratio  is  not  oonstant,  which  substantiates  Rigby’s 
work  (17).  In  general,  high  sulphur-nitrogen  ratios  were 
found  in  samples  of  low  baking  strength.  This,  however,  does 
not  agree  with  Rigby’s  results.  He  found  that  high  sulphur- 
nitrogen  ratios  were  associated  with  high  baking  strength. 

The  range  for  protein  in  all  of  the  wheat  samples  studied  by 
Rigby  was  10.0  to  14.4^,  while  for  sulphur  in  wheat  it  was 
0.10  to  0.25 £.  In  these  samples,  then,  the  range  for  sulphur 
was  proportionately  greater  than  for  protein.  Therefore,  v/ith 
increases  in  sulphur  content  increases  in  the  sulphur-nitrogen 
ratios  were  obtained. 

The  materiel  for  this  study  was  grown  in  different 
areas  and  nitrogen  and  sulphur  were  not  always  limiting.  It 
appears  that  in  the  grey  wooded  areas  sulphur  was  in  shorter 
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supply  than  nitrogen.  In  1944,  the  Plant  Breeders*  Varieties 
material  all  received  the  same  fertilizer  treatment  in  the 
field,  so  that  differences  in  protein  and  sulphur  content  were 
due  to  varietal  differences  and  to  environmental  differences 
at  the  various  stations;  while  differences  in  the  material  used 
by  Rigby  were  due  only  to  the  fertilizer  treatment  the  plots 
received  since  Thatcher  was  used  throughout.  The  protein 
range  was  7,7  to  15.74,  which  is  nearly  twice  the  range  in  the 
materiel  used  by  Rigby;  and  the  range  for  sulphur  was  0.131  to 
0,2154,  which  is  about  one-half  of  the  range  in  the  material 
used  by  Rigby. 

The  sulphur  content  was  highly  correlated  with  pro¬ 
tein  content  in  the  1944  material.  In  all  varieties  except 
C.T.149  the  correlation  coefficient  for  sulphur  with  loaf 
volume  was  higher  than  for  protein  with  loaf  volume.  The 
multiple  Rv#pS,  however,  was  not  significantly  higher  than  any 
of  the  simple  correlation  coefficients. 

The  methionine  and  cystine  in  gluten  from  Marquis  at 
eight  stations  and  from  Thatcher  at  nine  stations  were  determined. 
The  baking  strength  was  correlated  with  the  methionine  and 
cystine  in  gluten.  The  relationships  between  methionine  end 
loaf  volume  take  into  account  more  of  the  variability  in  loaf 
volume  than  do  the  relationships  between  protein  and  loaf 
volume  or  sulphur  in  wheat  and  loaf  volume. 

In  Marquis,  both  of  the  partial  correlation  coeffi¬ 
cients  rvc#p  and  ly^p  account  for  more  of  the  variability  in 
loaf  volume  than  does  the  simple  ryp.  There  is,  therefore, 
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some  overlapping  in  the  measurement  of  the  variability 
in  loaf  volume  by  rvc#p  and  r^p. 

The  multiple  correlation  coefficient  Rv#rai}  accounts 
for  99,^  of  the  variability  in  the  loef  volume  in  both  Marquis 
and  Thatcher,  while  Rv.o^  accounts  for  904  and  374.  It 
appears  then  that  the  methionine  in  gluten  is  more  directly 
related  to  the  baking  strength  of  the  wheat  flours  examined  than 
is  cystine  in  gluten.  The  determinations  of  methionine  snd 
cystine  in  gluten  from  Thatcher  anu  -Marquis  at  Fallis  and 
Edmonton  in  1945  support  the  above  hypothesis. 

Significant  information  has  been  obtained  by  using 
orude  gluten  for  the  estimation  of  methionine  and  cystine, 
although  analyses  should  be  made  on  more  of  the  1945  material. 
The  writer  is  of  the  opinion  that  a  further  investigation  of 
methods  for  the  aoourate  determination  of  the  aulphur- 
oontaining  amino  eoids  in  flour  rather  than  in  gluten  would  be 
of  value  in  continued  studies  of  the  role  of  sulphur  in  flour 
quality.  He  also  believes  that  the  methionine  and  cystine 
content  of  the  different  flour  proteins  should  be  determined. 
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